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The ability to control the strength of interac-
tion is essential for studying quantum phenomena
emerging from a system of correlated fermions.
For example, the isotope effect illustrates the
effect of electron-phonon coupling on supercon-
ductivity, providing an important experimental
support for the BCS theory [1, 2]. In this
work, we report a new device geometry where
the magic-angle twisted bilayer graphene (tBLG)
is placed in close proximity to a Bernal bilayer
graphene (BLG) separated by a 3 nm thick bar-
rier. Using charge screening from the Bernal bi-
layer, the strength of electron-electron Coulomb
interaction within the twisted bilayer can be con-
tinuously tuned. Transport measurements show
that tuning Coulomb screening has opposite ef-
fect on the insulating and superconducting states:
as Coulomb interaction is weakened by screen-
ing, the insulating states become less robust,
whereas the stability of superconductivity is en-
hanced. Our results demonstrate the ability to
directly probe the role of Coulomb interaction in
magic-angle twisted bilayer graphene. Most im-
portantly, the effect of Coulomb screening points
toward electron-phonon coupling as the dominant
mechanism for Cooper pair formation, and there-
fore superconductivity, in magic-angle twisted bi-
layer graphene.
The discovery of superconductivity in magic-angle
twisted bilayer graphene (tBLG) has raised intriguing
questions regarding the nature of superconducting order
parameter [3–5]. The coexistence of the correlated insu-
lator (CI) and superconducting phase is compared with
cuprate materials, leading to suggestions that the super-
conducting phase arises from an unconventional origin
[3, 6–14]. On the other hand, the more recent observa-
tions of superconductivity in the absence of correlated in-
sulator appears to indicate that superconductivity arises
through the electron-phonon coupling [15–17], an inter-
pretation that is backed by a range of theoretical models
[18–20]. However, there is little agreement upon the ori-
gin of the superconducting states despite intense effort,
owing to the lack of direct experimental evidence.
It has long been recognized that the role of Coulomb
interaction is essential to determining the nature of su-
perconductivity. For a conventional superconductor,
electron-phonon coupling competes against Coulomb re-
pulsion in stabilizing superconductivity at low tempera-
ture [21, 22]. As such, a weaker Coulomb repulsion will
lead to more robust superconducting order parameters.
On the other hand, an unconventional superconducting
phase arises from an all-electron mechanism, where the
order parameter strengthens with increasing Coulomb in-
teraction [6, 7]. For conventional solid state materials,
it remains an experimental challenge to directly control
Coulomb interaction within a superconductor without in-
troducing additional changes to the material. The flex-
ibility of the van der Waals technique offers a unique
opportunity to control Coulomb interaction in magic-
angle twisted bilayer structure using proximity screening
[15, 16, 23], which promises to shed light on the nature
of superconductivity.
A major road block for addressing the mechanism un-
derlying the superconducting phase is the vastly different
behavior between tBLG samples near the magic-angle,
which may result from the spatial inhomogeneity of the
moire´ pattern [24–26]. The variation between different
samples makes it difficult to provide reliable experimen-
tal constraints for a theoretical model. This obstacle is
addressed in this work by tuning the strength of Coulomb
interaction in a single device using screening, while study-
ing the response in both the CIs and the superconduct-
ing phase using transport measurement. We utilize a
novel hybrid double-layer structure, where a Bernal bi-
layer graphene (BLG) and a magic-angle twisted bilayer
graphene (tBLG) are separated by a thin insulating bar-
rier with thickness of ξ = 3 nm, as shown in Fig. 1A.
The close proximity allows charge carriers from BLG to
screen Coulomb interaction in the tBLG, offering direct
control on the nature of electron correlation in the moire´
flat band.
Charge carrier density in BLG and tBLG, nBLG and
ntBLG, can be independently controlled by varying the
applied voltage to the top and bottom graphite gates,
Vtop and Vbot (see Method section for more details). Ad-
ditionally, a voltage bias across two layers Vint induces
a perpendicular electric field, D, providing experimental
control for the energy gap at the charge neutrality point
in BLG [27–29]. Longitudinal resistance measured from
the Bernal BLG displays a well-defined peak at the neu-
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FIG. 1. Hybrid double-layer structure with Bernal BLG and tBLG (A) Schematic of the hybrid double-layer structure
consisting of a Bernal BLG and a magic-angle tBLG, separated by a thin insulating barrier with thickness of ξ = 3 nm. The
structure is encapsulated with dual hexagonal boron nitride (hBN) dielectric and graphite gate electrodes. (B) Longitudinal
resistance of Bernal BLG RBLG as a function of Vtop and Vint. (C) Longitudinal resistance of tBLG RtBLG as a function of
Vtop and Vbot measured at T = 20 mK and DBLG = −250 mV/nm. Screening from BLG is minimal between white dashed
lines, where BLG is fulling insulating and tBLG is tuned with both top and bottom graphite gate, giving rise to the distortion
in transport features. Inset: schematic energy structure of BLG at large DBLG with different nBLG. (D) RtBLG as a function
of filling fraction in tBLG ν, measured at D = −350 mV/nm and nBLG = 0 with varying temperature.
trality point which grows more insulating with increas-
ing D-field, as shown in Fig. 1B. At large D-field, Bernal
BLG can be tuned from fully insulating at nBLG = 0
(blue circle in Fig. 1B) to highly conductive at large
nBLG (red circle in Fig. 1B), offering a large contrast
in the strength of Coulomb screening. Fig. 1C plots the
transport response of tBLG, as nBLG and ntBLG are both
tuned by varying Vtop and Vbot. The boundaries of the
moire´ flat band are defined by the emergence of insulating
states at ntBLG = ±2.59×1012 cm −2, which corresponds
to a twist angle of θ = 1.06o. A normalized density scale,
marked by red arrows, is defined to describe partial fill-
ing ν of the moire´ band based on the 4-fold degeneracy
of spin and valley degrees of freedom for both electron
and hole type carriers.
The static e2/r Coulomb interaction among the elec-
trons with charge e, separated by distance r in the tBLG
is modified by the presence of BLG leading to their ef-
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FIG. 2. The effect of Coulomb screening on the CI (A) Arrhenius plot for the correlated insulating state at ν = −2,
measured at DBLG = −400 mV/nm with varying carrier density nBLG. (B) Activation energy gap of the ν = −2 CI state as
a function of nBLG.
fective interaction energy
V eff (r) =
∫
d2q
(2pi)2
2pie2
|q|
[
1− e−2|q|ξ
(
1− 1
AB(q)
)]
eiq·r.
(1)
The wavevector q dependent dielectric constant of the
BLG can be related to its static polarization function
Π0q as AB(q) = 1 +
2pie2
|q| Π
0
q. When the BLG is gated
to a finite carrier density and thus acts as a metal,
Π0q→0 → const. and the AB(q→ 0) diverges. At long
distances V eff (r) then corresponds to the real space po-
tential produced by the test charge and its mirror image
a distance 2ξ above the twisted bilayer. When the BLG
is insulating, Π0q→0 ∼ q2 and the V eff (r) is unchanged
at long distances by the presence of the BLG bilayer (see
supplementary information for details of Coulomb screen-
ing in a hybrid double-layer structure at any r). Since
the strength of Coulomb screening is correlated with the
conductivity of BLG, its effect can be studied by com-
paring transport properties of tBLG in- and outside the
density range marked by white dashed lines in Fig. 1C.
First, we examine the transport response of tBLG in
the absence of Coulomb screening, by measuring inside
the white dashed lines in Fig. 1C where BLG is fully in-
sulating. Fig. 1D plots longitudinal resistance of tBLG,
RtBLG, over the full filling range of the moire´ flat band.
Apart from the charge neutral point (CNP), a series of
resistive features emerge at ν = ±2, +1 and +3, which
are consistent with the correlated insulating (CI) states
from previous observation [3–5]. In addition, a robust
regime of superconducting phase emerges at low temper-
ature, evidenced by Rxx dropping to zero. The robust CI
and superconducting states establish an excellent start-
ing point, allowing us to quantitatively examine the effect
of Coulomb screening by studying the variation in trans-
port behavior while varying nBLG.
Fig. 2A plots the temperature dependence of 4-
terminal conductance of the CIs at ν = −2, which ex-
hibits thermally activated behavior with strong nBLG
dependence. An energy gap ∆ can be extracted from
the slope of the Arrhenius plot (dashed lines in Fig. 2A),
providing a measure for the strength of the CI state. The
effect of Coulomb screening is investigated by measuring
the energy gap ∆ while varying density in BLG nBLG,
as shown in Fig. 2B. ∆ν=−2 is the largest when BLG is
fully insulating at nBLG = 0. Similar behavior in energy
gap is observed at ν = 2 and 3 as a function of nBLG
(see SI for energy gap measurements of CIs at ν = 2
and 3). Since CIs at integer filling arise from Coulomb
correlation within the moire´ flat band [8, 31–33], the
trend in ∆ provides strong evidence that electron corre-
lation in tBLG is directly tunable using Coulomb screen-
ing: screening from the BLG decreases as BLG becomes
insulating, leading to stronger Coulomb interaction and
a larger ∆ for the CI states. In addition, a minimum
in ∆ν=−2 is observed near the band edge of BLG at
nBLG ∼ 5×1011 cm−2, suggesting that Coulomb screen-
ing is the strongest when the fermi level of BLG is near
the van Hove singularities where the density of states is
the largest [34, 35]. We note that BLG at nBLG = 0
remains insulating over the temperature range of the
thermal activation measurement, ensuring the strength
of Coulomb screening remains a constant with varying
temperature and is controlled only by nBLG (see SI for
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FIG. 3. Tuning Tc of the superconducting phase The effect of tuning nBLG in the presence of a large D-field induced
energy gap in BLG. (A) RtBLG as a function of carrier density in tBLG, ntBLG, measured at D = −350 mV/nm with different
nBLG. (B-C) RtBLG as a function of carrier density ntBLG and magnetic field B. BLG is tuned to DBLG = −350 mV/nm
with (B) nBLG = 0 and (C) nBLG = −0.5×1012 cm−2. (D) Differential resistance dVxx/dI versus d.c. bias current I measured
at optimal doping ntBLG = −1.5 × 1012 cm−2 and base temperature of T = 20 mK, with BLG tuned to different density. A
critical current Io is defined by the peak in dVxx/dI, where superconductivity is destroyed and the differential resistance goes
over to the normal state value [30]. (E) RtBLG as a function of temperature measured at optimal doping ntBLG = −1.50×1012
cm−2 and DBLG = −350 mV/nm for different nBLG. The blue and red traces are measured at B = 0, while the black trace
is measured at B = 0.1 T where superconductivity is fully suppressed. Inset shows the temperature dependence of RtBLG on
a linear scale. Tc is operationally defined by 50% of normal state resistance and marked by the blue horizontal arrow. The
separation of B = 0 and B = 0.1 T curves marks the onset of pairing (vertical black arrow).
temperature dependence of transport response in BLG).
The fact that the CI at ν = −2 remains robust in the
presence of strong Coulomb screening suggests that CIs
cannot be fully suppressed by Coulomb screening alone
[15]. The effect of Coulomb screening on CIs shows excel-
lent agreement with theoretical models (see SI for more
detailed theoretical discussion), which provides an impor-
tant reference for studying the nature of superconductiv-
ity in tBLG using Coulomb screening from BLG.
Having established the effect of Coulomb screening on
CIs, we turn our attention to the superconducting phase
on the hole doping side of ν = −2. Fig. 3A plots RtBLG
at 20mK as a function of carrier density in tBLG, ntBLG,
demonstrating an apparent effect when tuning carrier
density in BLG, nBLG: the superconducting phase is
stable over a wider density range when BLG is metal-
lic (red trace in Fig. 3A), as compared to when BLG is
fully insulating (blue trace in Fig. 3A). The boundary
of the superconducting region is defined by the density
where RtBLG increases above the noise level, which de-
termines the density range of the superconducting dome,
∆nSC , as shown in Fig. 3A. The effect of nBLG-tuning
is also observed in the density-magnetic field phase dia-
gram, where zero resistance is shown as dark blue in the
chosen color scale. A larger superconducting region is
observed at large nBLG (Fig. 3C) compared to nBLG = 0
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(Fig. 3B). Fig. 3D and 3E show the measurements of
the critical current Io and critical temperature Tc of the
superconducting phase, which confirm the same trend:
the superconducting phase is more robust when BLG
is metallic compared to fully insulating. We note that
RtBLG measured at B = 0.1 T, where superconductiv-
ity is fully suppressed, reflects the transport behavior of
tBLG in the normal state. The transition temperature
Tc, operationally defined as 50% of extrapolated normal
state resistance, is shown to be ∼ 2.2 K in Fig. 3E, which
is in line with previous observation in tBLG with simi-
lar twist angle [16]. The temperature dependence of
RtBLG leads to a few important observations: (i) the
normal state (T & 3K) resistance in tBLG is insensitive
to changes in BLG, demonstrating that modification in
the impurity scattering resulting from a nearby metallic
layer does not play a dominating role [36]; (ii) the onset
of Cooper pairing is observed at T ∼ 3 K (vertical black
arrow in Fig. 3E), evidenced by the bifurcation between
RtBLG measured at B = 0 and 0.1T. Because the nBLG-
tuning onsets in a similar temperature range as the onset
of Cooper pairing, as shown by the red and blue traces
in Fig. 3E, we conclude that nBLG-tuning has a direct
impact on the mechanism of Cooper pair formation in
tBLG.
To further demonstrate the effect of nBLG-tuning, we
examine the stability of the superconducting phase by
measuring Io, Tc and ∆nSC as a function of nBLG. The
values of all three parameters closely follow the conduc-
tance of BLG, as shown in Fig. 4, with the supercon-
ducting phase being more robust when BLG is metallic.
This trend allows us to characterize the coupling between
BLG and tBLG. In the presence of external radiation, the
superconducting phase is significantly suppressed when
BLG is metallic, possibly resulting from capacitive cou-
pling between BLG and tBLG across the thin insulating
barrier [37]. Such coupling is suppressed when BLG
is fully insulating, or with an external low-pass filtering
(see SI for more details regarding low-pass filtering) [38].
The fact that superconductivity is enhanced by a nearby
6metallic layer indicates that the influence of an external
radiation is sufficiently eliminated by the low-pass filter.
The enhancement of superconductivity by a nearby
metallic BLG layer could, in principle, result from sup-
pressed phase fluctuations in tBLG, without a signifi-
cant effect on Cooper pair formation, giving rise to a
higher Berezinskii-Kosterlitz-Thouless transition temper-
ature TBKT [39]. We can rule out this scenario be-
cause the nBLG-tuning onsets as does the Cooper pair-
ing (Fig. 3E). Additional support for this conclusion is
provided by our data at DBLG = 0, which closes the gap
at the neutrality point of BLG and makes it conducting,
albeit with resistivity varying by about a factor of 20 be-
tween the CNP and away from it (Fig. 4F). Although
there is an effect on phase fluctuations i.e. once the re-
sistance drops by an order of magnitude below its nor-
mal state value, there is no effect on the Cooper pairing
scale as demonstrated in the Fig 4E, or on Tc (Fig. 4G).
Notwithstanding the above-mentioned, we clearly ob-
serve that the value TBKT ≈ 1.4K is significantly below
the pairing onset temperature ∼ 3K, possibly pointing
to a wide window of paring fluctuations. Here TBKT is
defined by fitting RtBLG using the Halperin-Nelson form
(see Fig. SI9) [40].
Lastly, it is worth pointing out that changes in
Coulomb screening do not influence the linear-in-T be-
havior in tBLG at high temperature (see Fig. SI10). It
has been suggested that the slope of RtBLG in the T -
linear regime is associated with the strength of quasielas-
tic electron scattering off acoustic phonon modes [41, 42].
Transport measurement in this regime demonstrates a
constant slope of RtBLG independent of carrier density
in BLG, nBLG (see Fig. SI10), which would imply that
the strength of acoustic electron-phonon coupling is not
influenced by Coulomb screening. Taken together, our
result suggests that the dominant effect of nBLG-tuning
is changing the strength of Coulomb interactions in the
magic-angle tBLG. The fact that Cooper pair forma-
tion and superconductivity become more robust with
increasing screening is consistent with electron-phonon
coupling competing against Coulomb interaction to sta-
bilize the superconducting phase [21]. The ability to con-
trol Coulomb interaction promises to provide important
constraints for theoretical models aiming to accurately
describe superconductivity in magic-angle tBLG.
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8SUPPLEMENTARY MATERIAL
Screening of the Coulomb interaction due to the Bernal bilayer
The interaction among the electrons in the twisted bilayer is modified due to the presence of the Bernal bilayer.
The Hamiltonian for the combined system is
Hint =
∫
d2r
∫
d2r′
(
1
2
n1(r)V
‖(r− r′)n1(r′) + 1
2
n2(r)V
‖(r− r′)n2(r′) + n1(r)V ⊥(r− r′)n2(r′)
)
, (2)
where r and r′ are 2D position vectors, n1(r) is the electron density in the twisted bilayer, and n2(r) is the electron
density in the Bernal bilayer. The intra-layer Coulomb interaction is
V ‖(r) =
e2
|r| =
∫
d2q
(2pi)2
2pie2
|q| e
iq·r, (3)
and the inter-layer Coulomb interaction for the two layers separated by distance ξ is
V ⊥(r) =
e2√
r2 + ξ2
=
∫
d2q
(2pi)2
2pie2
|q| e
−|q|ξeiq·r. (4)
To find the effective interaction within the twisted bilayer, we write the coherent state Feynman path integral
action corresponding to Hint, Hubbard-Stratonovic decouple the intra-layer interaction in the Bernal bilayer, and
integrate out the fermions in the Bernal bilayer and expand the result to quadratic order. Finally, we integrate out
the Hubbard-Stratonovic field and obtain the static interaction
V eff (r) =
∫
d2q
(2pi)2
2pie2
|q|
(
1− e−2|q|ξ
(
1− 1
AB(q)
))
eiq·r, (5)
where the q-dependent dielectric constant of the Bernal bilayer can be related to its static polarization function Π0q
as AB(q) = 1 +
2pie2
|q| Π
0
q.
To gain a qualitative understanding of the above result, consider first the case when the Bernal bilayer is gated
to a finite carrier density and thus acts as a metal. Then, Π0q→0 → const. and the dielectric constant diverges as
q→ 0. The effective interaction potential in momentum space then precisely corresponds to the real space potential
produced by the test charge and its mirror image a distance 2ξ above the twisted bilayer as it should. On the other
hand, when the Bernal bilayer is insulating, Π0q→0 ∼ q2 and the long distance effective interaction is unchanged by
the presence of the Bernal bilayer.
A more quantitative determination of the V eff (r) requires a microscopic calculation of Π0q. We start with the low en-
ergy Hamiltonian for the electrons near the two valleys[43] labeled by τz = ±1 acting on the basis (ψB2, ψA1, ψB1, ψA2)
as
HAB(p) = τz

− 12∆ 0 0 vF (px − ipy)
0 12∆ vF (px + ipy) 0
0 vF (px − ipy) 12∆ τzγ1
vF (px + ipy) 0 τzγ1 − 12∆
 . (6)
For polarization function we need
Π0q(Ω) = −kBT
∑
ωn
∫
d2k
(2pi)2
Tr (Gk+q(ωn + Ωn)Gk(ωn)) , (7)
where the Matsubara frequency ωn = (2n+ 1)pikBT and the matrix Green’s function is
Gk(ωn) = (−iωn14 +HAB(k))−1 . (8)
Because theH2AB is more easily invertable, we can find the Gk(ωn) by first inverting ω2n+H2AB and then left multiplying
the result by iωn +HAB . We find
Gp(ω) =
∑
s=±
iω14 +HAB(p)
ω2 + E2s (p)
Λs(p), (9)
9where the four eigenenergies are
Es(p) = ±
√(
∆2
4
+
γ21
2
+ v2Fp
2
)
+ s
√
γ41
4
+ (γ21 + ∆
2)v2Fp
2, (10)
for s = ±1, and
Λs(p) =
1
2
14 − s√
γ41
4 + (γ
2
1 + ∆
2)v2Fp
2
(
γ21
2 −vFp · σ (γ1τzσ1 + ∆σ3)
− (γ1τzσ1 + ∆σ3) vFp · σ −γ
2
1
2
) . (11)
Finally, including the spin and valley degeneracy:
Π0q =
∑
τz=±
∑
s1,s′1=±
∑
s2,s′2=±
∫
d2p
(2pi~)2
tanh
(
s′1Es1 (p+q)−µ
2kBT
)
− tanh
(
s′2Es2 (p)−µ
2kBT
)
s′1Es1(p + q)− s′2Es2(p)
Tr
[
Ps1,s′1(p + q)Ps2,s′2(p)
]
, (12)
where the projector on the individual eigenstates is
Ps,s′(p) =
1
2
(
1 + s′
HAB(p)
Es(p)
)
Λs(p). (13)
We can rescale all the energies by γ1 which allows us to rewrite the polarization function via a scaling function Φ as
Π0q =
γ1
~2v2F
Φ
(
~vF q
γ1
,
∆
γ1
,
µ
γ1
,
kBT
γ1
)
. (14)
We determine Φ by numerically performing the integral (12). The static dielectric function is then
VqΠ
0
q(0) = 2pi
e2
hBN |q|
γ1
~2v2F
Φ
(
~vF q
γ1
,
∆
γ1
,
µ
γ1
,
kBT
γ1
)
=
2pi
hBN
× c
vF
× e
2
~c
× γ1
~vF q
Φ
(
~vF q
γ1
,
∆
γ1
,
µ
γ1
,
kBT
γ1
)
. (15)
Writing the exponential screening factor in Eqn.(5) using scaling variables, we get e−2|q|ξ = exp
(
−
(
~vF q
γ1
)(
2 γ1ξ~vF
))
.
For ξ = 3nm, γ1 = 0.3eV , and vF = 10
6m/s, we have 2 γ1ξ~vF = 2.735; we also set hBN = 4.4. In the Figure 1
we place the chemical potential µ at the CNP and vary the gap ∆ of the Bernal bilayer from 0meV to 30meV. We
see that the reduction of the repulsive interaction in the twisted bilayer is minimized when the CNP gap of the
Bernal bilayer is maximized. In Figure 2 we set ∆ = 30meV and vary the carrier concentration, moving the chemical
potential from the middle of the gap to 15meV above the conduction band minimum. We see that the reduction of
the repulsive interaction in the twisted bilayer is minimized when the chemical potential sits in the gap of the Bernal
bilayer. We also see that the interaction is almost independent of the filling of the Bernal bilayer once it is conducting.
Remarkably, the maximal increase in the superconducting Tc as well as the gap of the correlated insulator correspond
to the strongest Coulomb repulsion V effq i.e. the minimal reduction of V
‖
q .
Sample fabrication
The tBLG in the hybrid double-layer structure is assembled using the “cut-and-stack” technique [16], instead of
the “tear-and-stack” technique [8, 44]. All components of the structure are assembled from top to bottom using
the same poly(bisphenol A carbonate) (PC)/polydimethylsiloxane (PDMS) stamp mounted on a glass slide. The
sequence of stacking is: graphite as top gate electrode, 30 nm thick hBN as top dielectric, Bernal bilayer graphene,
3 nm thick hBN as insulating barrier, magic-angle tBLG, 30 nm thick hBN as bottom dielectric, bottom graphite
as bottom gate electrode. The entire structure is deposited onto a doped Si/SiO2 substrate, as shown in Fig.SI 3a.
Electrical contact to both Bernal and twisted bilayers are made independently by CHF3/O2 etching and deposition
of the Cr/Au (2/100 nm) metal edge contact.
The hybrid double-layer sample is shaped into an aligned Hall bar geometry. In this geometry, each layer has
independent electrical contact for longitudinal and Hall voltage measurements, as shown in Fig.SI 3b.
10
Fig.SI 1. The effective interaction among the electrons in the twisted bilayer due to static screening within the AB stacked Bernal
bilayer is V effq = V
‖
q
(
1− e−2|q|ξ
(
1− 1
AB(q)
))
. Left panel: the reduction factor as a function of dimensionless wavevector q at
low temperature; γ1 ≈ 0.3eV is the direct interlayer tunneling defined in Eqn.(6). The series of curves shows the evolution from
semimetallic Bernal bilayer ∆ = 0 (top curve) to progressively more insulating Bernal bilayer as ∆ is varied in steps of 5meV,
ending with the Bernal gap at 30meV (bottom curve). Right panel: The dielectric reduction factor without the exponential.
Fig.SI 2. The effective interaction among the electrons in the twisted bilayer due to static screening within the AB stacked Bernal
bilayer is V effq = V
‖
q
(
1− e−2|q|ξ
(
1− 1
AB(q)
))
. Left panel: the reduction factor as a function of dimensionless wavevector
q at low temperature compared to the gap. The series of curves shows the evolution from the insulating Bernal bilayer (red
curve) to conducting (blue), as the chemical potential is varied in steps of 3meV, starting from being in the middle of the
Bernal gap (set to 30meV), to being 15meV above. Right panel: the dielectric reduction factor without the exponential; the
2kF features in the metallic curves are also visible.
Transport measurement
The device geometry of the hybrid double-layer structure allows independent control of carrier density in Bernal
BLG and tBLG, nBLG and ntBLG, as well as displacement field D. Such control is achieved by applying a DC gate
voltage to top graphite electrode Vtop, bottom graphite electrode Vbot, along with a voltage bias between BLG and
tBLG Vint. nBLG, ntBLG and D can be obtained using the following equations:
nBLG = (CtopVtop + CintVint)/e+ n
0
BLG, (16)
DBLG = (CtopVtop − CintVint)/0, (17)
ntBLG = (CbotVbot + CintVint)/e+ n
0
tBLG, (18)
DtBLG = (−CbotVbot + CintVint)/0, (19)
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a b
Fig.SI 3. Optical image of the hybrid double-layer structure (a) before and (b) after nanofabrication. The Bernal bilayer
graphene layer is highlighted by the white dashed contour, whereas two graphene layers in tBLG are highlighted by the red
and blue contours, respectively. The scale bars correspond to 10µm.
Vtop
Vint
Vbot
Bernal BLG
ξ tBLG
bottom graphite
top graphite
Fig.SI 4. Schematic diagram for transport measurement Transport measurement is performed with DC voltage bias
applied to top graphite, bottom graphite and Bernal BLG, to control charge carrier density in BLG and tBLG, as well as
displacement field D.
where Ctop is the geometric capacitance between top graphite and BLG, Cbot the geometric capacitance between
bottom graphite and tBLG, and Cint the geometric capacitance between BLG and tBLG. n
0
BLG and n
0
tBLG are
intrinsic doping in BLG and tBLG, respectively.
Transport measurement is performed in a BlueFors LD400 dilution refrigerator with a base temperature of 15 mK.
Temperature is measured using a resistance thermometer located on the sample probe. Standard low frequency lock-in
techniques with Stanford Research SR830 amplifier are used to measure resistance Rxx and Rxy, with an excitation
current of 0.6 − 1 nA at a frequency of 17.77 − 43.33 Hz. An external multi-stage low-pass filter is installed on the
mixing chamber of the dilution unit. The filter contains two filter banks, one with RC circuits and one with LC
circuits. The radio frequency low-pass filter bank (RF) attenuates above 80 MHz, whereas the low frequency low-pass
filter bank (RC) attenuates from 50 kHz. The filter is commercially available from QDevil.
Both BLG and tBLG in the hybrid double-layer structure exhibit charge carrier inhomogeneity of δn < ±2× 1010,
measured by the divergent Hall resistance peaks at a small magnetic field B = 0.15 T. The excellent sample quality
offers a pristine environment to examine the effect of Coulomb screening with high sensitivity.
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n      = 0BLGD     = -270 mV/nmBLG
Fig.SI 5. Rxx versus νtBLG and T measured from the tBLG at nBLG = 0 and DBLG = −270 mV/nm. We note that
only one superconducting pocket is observed in our sample on the hole doping side of ν = −2, which is similar to previous
observations in reference [16] where Coulomb screening from nearby graphite layer is weak. Based on this, the absence of
other superconducting pockets is likely associated with sample details, such as twist angle inhomogeneity, and we do not think
it results from Coulomb screening from a nearby BLG.
100
1000
4321
T (K)
R 
   
  (
Ω
)
tB
LG
Filtered
Unfiltered
100
1000
4321
T (K)
 
R 
   
  (
Ω
)
tB
LG
Filtered
Unfiltered
a b
Fig.SI 6. The influence of low-pass filter. RtBLG as a function of temperature, showing the superconducting-normal state
transition measured at different nBLG and D = −350 mV/nm. Blue traces are measured with, and green trace without filtering.
The measurements are done when BLG is (a) fully insulating at nBLG = 0 and (b) metallic with nBLG = −0.5× 10(12) cm−2.
(a) When BLG is fully insulating, the normal state resistance is not influenced by filtering. The unfiltered trace deviates slightly
from the filteredd trace at temperature below Tc. (b) When BLG is metallic, the unfiltered trace starts to deviate from the
filteredd trace at temperature above Tc, resulting in a significantly suppressed Tc value.
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Fig.SI 7. Differential resistance dVxx/dI versus d.c. bias current I and T , measured at (a) nBLG = 0 and (b) −2.5 × 1012
cm−2. A large energy gap in BLG is induced by D = 350 mV/nm. tBLG is tuned to optimal doping ntBLG = −1.5 × 1012
cm−2. (c) dVxx/dI versus d.c. bias in log scale measured at D = 350 mV/nm. The black dashed line is a fit to the V = I3
power law, indicating a BKT type transition. (d) Power coefficient α extracted from panel (c) as a function of T. A BKT type
transition is defined by α = 3. Tuning density carrier in BLG has a measurable influence on the BKT transition in tBLG.
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Fig.SI 8. (a) dVxx/dI versus d.c. bias in log scale measured at D = 0. The black dashed line is a fit to the V = I
3 power law,
indicating a BKT type transition. (b) Power coefficient α extracted from panel (a) as a function of T . At D = 0, the effect of
tuning density carrier in BLG on the superconducting phase in tBLG is negligible.
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Fig.SI 9. (a) RtBLG as a function of T measured at D = −350 mV/nm with different nBLG. The BKT temperature can be
obtained using Halperin-Nelson form R(T ) = R0exp[−b/(T − TBKT )1/2] (black dashed and dotted trace). Using the H-N fit,
TBKT is 1.38 K for nBLG = 0 and 1.46 K for nBLG = −0.5× 1012 cm−2.
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Fig.SI 10. (a) RtBLG as a function of T measured at optimal doping, showing a linear in T behavior at T > Tc at nBLG = 0
with varying DBLG. (b) The slope of RtBLG in the T-linear regime as a function of nBLG at DBLG = −150 mV/nm. When BLG
is tuned over this range of parameters, apparent variations are observed in the CI and superconducting states. In comparison,
there is no detectable variation in dRxx/dT .
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Fig.SI 11. ∆ν=2 as a function of nBLG measured at DBLG = −270 mV/nm. In the presence of a large energy gap induced
by DBLG, The energy gap for CIs at ν = 2 is significantly suppressed as BLG transitions from fully insulating to metallic.
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Fig.SI 12. ∆ν=−2 as a function of DBLG measured at nBLG = 0. When BLG is insulating at large D, a larger energy gap is
observed for the CI at ν = −2, compared to the situation where BLG is a semi-metal at D = 0.
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Fig.SI 13. Hall density nH as a function of νtBLG measured at B = 0.15 T, nBLG = 0 with different DBLG. The Hall density
resets to zero at ν = −2, indicating the formation of a new, small Fermi surface. The behavior of Hall density is insensitive
to Coulomb screening from BLG, suggesting that the tunability to the CI and the superconducting phase does not result from
changes in Fermi surface reconstruction near ν = −2.
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Fig.SI 14. Conductance of BLG as a function of Vtop measured at different D and T . For |D| > 16 mV/nm, the conductance
of BLG remains constant up to 5 K. For |D| > 30 mV/nm, the conductance of BLG remains constant up to 10 K. As a result,
∆ν=2 and Tc measurements in tBLG reported in this work are not influenced by the temperature dependence of BLG.
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Fig.SI 15. (a) Conductance of BLG as a function of nBLG measured at different D and T = 15 mK. (b) Arrhenius plot
measured in BLG, showing the amplitude of energy gap near the CNP at different DBLG. The energy gap at D = 90 mV/nm
is much larger than 177 K. It is not shown here due to the high temperature range required for such measurement.
